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AKTyanbHoCTb. VITTepbuii, ero Criniasbl v COEAMHEHVS XapPaKTEPU3YIOTCA 0COBbIMY TEPMOINEKTPUHECKUMIM, MArHUTHBIMU Y OMTUHECKM-
MU CBOVICTBaMu, NTTepOMICO[EPXaLLME MaTepUalbl HAXOAAT MPUMEHEHIE B BOBHHOM 1 aTOMHOW MPOMBILLIEHHOCTY. Bcneactame Bbi-
COKOW XMIMYECKOW aKTUBHOCTH, @ TakXe CXOZCTBA C APYVMU PEAKO3EMESTbHbIMU 3IEMEHTaMi TEXHOIOMN BblEeHUS UTTEPOMS BKITIO-
yaloT 60SIbLLIOE KONIMYECTBO OMEPALINN, B X YUCIIE OCaXAEHNE, INIEKTPOIN3, LIeMEHTaLMA, aacopbums v ap. OcobeHHOCTbIo uTTepbus (a
TakXe eBponVs 1 Camapys) Mo CPaBHEHMIO C APY MU PEAKO3EMETbHBIMI S1eMeHTaMu ABISETC BO3MOXHOCTb KaTOAHOTO OCaxXAeHuns
Ha PTYTHOM 371eKTpoAe 11 06pa30BaHUs aMarbraMbl PV CPaBHUTENbHO HEBLICOKUX OTPULIATENbHBIX NOTEHLManax. B cas3u ¢ stum uccne-
[10BaH1e 3aKOHOMEPHOCTEN MPOTEKaHMS SIEKTPOAHBIX MPOLIECCOB C y4acTUEM UTTepOUS SBISETCA akTyanbHON 3aaaqeri Kak C ¢yHaa-
MEHTasIbHOW, Tak 1 C TEXHOIOMMHYECKOV TOYKM 3DEHMSI.

Llenb: onpenennts 0C06eHHOCTY BAVSHIS KOMIIIeKCoobpazoBatenevi (auetar- v UMTpaT-yoHOB) Ha NpoTeKaHue npoLecca KaToAHoro
BoccraHosneHus Yb(Il) Ha pTyTHbIX 2MeKTpoAaX.

OG6beKTBI: OKCU] UTTEPOUS, XTTOPHAS U YKCYCHas KUCoThl, pactBopsl conevi (NaClO,, LiCl, N(C,Hs),Cl, auetata v umtpata Hatpus) v Lye-
noyesi (NaOH).

Mertoabi: nonsporpayis MOCTOSHHOIO U MEPEMEHHOIO TOKA, UMK/IMYECKAas BOSIbTaMIePOMETPUSA.

Pe3ynbTatbl. YT04HEHA 00/1aCTb NOTEHLMATIOB MPOTeKaHKa katoaHoro npotecca Yb(Ill)—>Yb(ll) (12-107..1-10° M) Ha pTyTHbIX 31eKTpo-
Zax (Kanatowem, CTaluoHapHOM) B HEKOMIEKCOOBPA3YIoLMX 1 KOMIEKCO0Bpa3yloLyyx (aLeTaTHOM, LMTPaTHOM) (hOHOBbIX 21EKTPO-
JIATaX B LMPOKOM vHTEpBane pH=2..9. YcraHoBeHo BinsiHue komrnnekcoobpazosarus Yb(Ill) Ha COOTHOLLEHME TOKOB BOCCTaHOBIIEHMS
MOHOB UTTePOUS 1 BOLOPOAA M Ha YCTONYMBOCTb MPOMEXYTOYHOro npoaykta Yb(ll) katoaHoro npowuecca B cpeqe pactsopa. lMokasaH
KaTanmTU4eCKi XapakTep XuMm4eckou peakumm okucnenns Yb(ll) noHamu Bogopona B npykaTtoaHOM C/loe pacTBopa Ha rpoTekaHue
npouecca Yb(IIl)—>Yb(Il) 8 obnacty noteHymanos —1,3..~1,5 B (Hac. x.c.3.). VIHTepripeTaLms pesynbTatos 3MeKTPOXUMUHECKUX UCCe-
0BaHMV NPOBELEHA C VCMO/b30BaHMEM PacyETHbIX Avarpamm E-pH ans cuctem Yb—H,0—~CH;COO™ n Yb~H,O~Cit"” B cpaBHeHWM C cu-
cTemMout be3 komrekcoobpasosatens. okazaHa BaXHOCTb y4éTa coctosHus Yb(IIl) B pacTBope v ycnoBuii 31eKTponm3a npu npoTeka-
HUW KaToAHOrO fpoLjecca.

Knio4eBble cnoBa:
CoenmHerus nttepbus (1ll), aueraTHble v UMTPATHbIE KOMIMIEKChI, MOCTOSHHO- 1 NePEMEHHOTOKOBAS NONSPOrpagus,
LUMKIINYeCcKasn BoSbTaMNnepoOMETpUS, PTYTHbIE SN1eKTPOAbI, KaTOAHOe BOCCTaHOBITEHME.

BeepeHune

Marepuasbl Ha OCHOBE UTTEPOUSA U €T0 COeUHe-
HA# 00J1a7al0T 0COOBIMM TEePMOIJEKTPUUECKUMU,
MArHATHBIMY ¥ OMITUYECKIMH CBONCTBAMY 1 HAXOIAT
IpUMeHeHNe B BOGHHOH M ATOMHOI IIPOMBIIIJIEHHO-
ctu. BesencTBre BHICOKOI XMMHUUECKOH aKTHBHOCTH,
a TaKiKe CXOJCTBA C JPYIUMU PeIK03eMeIbHBIMU JI-
eMEeHTaM¥ TeXHOJOTUU BBIIEJICHUSI UTTepOUI BKJIIO-
YatoT 00JIbII0E KOJMUIECTBO OIIePAIUii, B UX UUCJIE OC-
QXK IeHNe, JIEKTPOJIN3, IeMeHTalusd, afcopoIus
u 1p. [1]. OcobenHOCTHIO UTTEPOUA (2 TAKIKE €BPOTIUS
U caMapus) 10 CPABHEHUIO C IPYTUMHU PEJKO3EMeb-
HBIMY 3JIEMEHTaMU SBJIAETCA BO3MOKHOCTb KaTOTHO-
0 OCa’KIeHNA HAa PTYTHOM dJIEKTPOZe U 00pasoBaHUsA
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aMaJbraMbl TIPU CPABHUTEIBHO HEBBHICOKMX OTPHUIlA-
TeNbHBIX ToTeHIranax [2]. C aToit 0coGeHHOCTHIO UT-
TepOus CBASAHBI IEPCIIEKTUBLI €70 OTIETIEHN OT JI0-
TeIWA IPX IPOU3BOJACTBE PAAMOAKTUBHBIX IIpermapa-
TOB MeJUITMHCKOr0o HasHaueHus [3—5]. HecmoTpsa Ha
JOCTATOUHO ITPOJOJIKUTEIbHBIN IIepHoj HCCJen0Ba-
HUH 3QQEeKTUBHOCTH aMaJbraMHOTO Pa3feNeHusa UT-
TepOus U JIOTENNs, TOJTHOTO MOHNMAHIS MTPOUCX O -
IUX TIPU 9TOM MPOIECCOB HET IO CUX TIOp. B cBA3M ¢
STUM H3yUeHME IIPOIIECCOB KATOJHOTO BOCCTAHOBJIE-
uus Yb(III) B pacTBopax sABJISETCS aKTYyaIbHOM (YH-
JaMeHTAJbHOM 1 IPUKJIATHON 3aauei.

W3 pannux pabor ussectHo [1, 2, 6], uTo Ha pryT-
HOM KaTofie, a TaK:Ke Ha aMajibraMax IeJOYHBIX Me-
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rajtoB urtepouii (III) BoccranaBiuBaeTcs CTymeHYa-
TO Yepes OJHOINTEKTPOHHYI0 Yb**—Yb* u nByxasiex-
TporHy0 Yb*—Yb’craguu ¢ mocsenyroommm 06paso-
BaHMEM aMaJabTaMbl. IIpy 3TOM TOCTIeI0BATEIBHOCTD
BOCCTAHOBJIEHUS MOHOB BOJOPOJA, IEJOUHOTO U Pef-
K03eMeJbHOT0 MeTaJjlia 3aBUCUT OT Pa3HOCTU IOTEeH-
1uajoB, pH cpemsl, IPUCYTCTBUA KOMILJIEKCO00Dpaso-
Batesisi. Hambosee OMTHMATIbHBIMU YCIOBUAMHU WU3-
BJI€UEHUS HUTTepOMS M3 PacTBOPOB ¢ 00pasoBaHUEM
amMaJpraMbl ABAA0TCA pH<7, MHOTOKpATHOE TMOBTO-
DEeHMeE OTIePATNY EMEHTAIH B COUETAHWNH C 3JIEKTPO-
JIN30M, BBeJieHIe B PACTBOPHI alleTaTa 1 IATpaTa HaT-
PHUA, OXJaKAEHUE 3JeKTPOJUTA, MTOIOJHUTEIbHOEe
xpomarorpaduueckoe pasjeseHue, P 9TOM CTeIeHb
u3BJeUYeHNSI MoKeT gocturats 99 % [4, 6-14]. B psa-
Ie paboT yKasaHo, UTO BCJIEACTBUE BHLICOKMX 3HAUE-
HUI COOTHOLIEHWS WUTTepOuii/moTernuil (HeCKOJbKO
TBICAY) HA IIPAKTUKE METO[ IeMEeHTAIK MOKeT ObITh
Mas10a()(DeKTUBHBIM 3a CUET CHAMKEHUA BBIXO0/a JII0Te-
s [4, 7, 15, 16].

AJIeKTPOXUMHUUECKOe TTOBe/IeHNe UTTepOusI u3yue-
HO TPEUMYII[ECTBEHHO C TPUMEeHeHNeM PTYTHBIX JJIeK-
TPOZOB. B oTCyTCTBHE KOMILIEKCOOOpasoBaTesNell B
XJIODHOKMCJIBIX PACTBOPAX CTAAHS BOCCTAHOBJIEHUS
Yb**—Yb? compoBo:xkgaercs paspAgoM BOZOPOZA B
obaactu —1,45 B, Hanbosbliee BIMSHNIE KOTOPOTO Ha-
osromaerca npu pH<4 [17]. B pab6ore [18] mokasawo,
YTO B 9TUX YCJIOBUAX 00PATHMOE BOCCTAHOBICHNE UT-
TepOus COPOBOK/JAETCA TOMOTEHHBIMYU PEAKIIAAMHI 1
KOHTposmpyeTcsa nuddpysueii. Bropasd cragus Bocera-
HoBIeHHA Yb*—Yb’Ha KamaroueM PTYTHOM 3JeK-
tpoze [19] TakiKe COMPOBOMKIAETCS BOCCTAHOBIEHUEM
Bojiopoza, mouel Yb(II) BoccraHaBiImBaIOTCA IO Me-
Tana, a Jajee TPOMCXOMUT KaTaluTHUecKas peak-
1S B3AUMOJIECTBUA MeTajlia ¢ TIPOTOHAMY UJIU MO-
JIeKyJIaMyd BOAbI HAa MOBEPXHOCTH 3JeKTpona. Ilpum
pH>4 sHaumTeNbHO YCHIMBAIOTCS TUAPOJIATHUECKIE
mporiecchbl. IToTeHITMAN MOJTYBOJHEI BOCCTAHOBICHUS
Yb* mo Yb* Bapeupyercsa or 1,46 mo 1,40 B 3aBucu-
MocTtu oT pH pacTBopa, MOTEHIAT BTOPOH CTYIEHU
BoccTaHOBIeHHA Yb* 10 Yh mpuHUMaeT 3HaUeHUsT OT
2,07 no 2,00 B[20].

AHanus ony0IMKOBAHHBIX JAHHBIX IIOKA3aJ, 4TO,
HECMOTPsA Ha 00JIbIIIOe YUCJI0 PaboT, MOCBAIIEHHBIX
MCCJIeOBAHUIO TPOIECCOB KATOAHOTO BOCCTAHOBJIE-
HUS ¥ aMaJblaMHOM IeMeHTaluy UTTepOus u3 BOJ-
HBIX DACTBOPOB, MAHHBIE TIO AJIEKTPOXMUMUUECKOMY
IIOBeJIeHNI0 UTTePOUs B PacTBOpax aleTaToB U IUTPa-
TOB B ITPOAHAJNBMPOBAHHBIX UCTOUHUKAX OTCYTCTBY-
10T. B CBSI3M ¢ 3TUM I€JIbI0 HACTOAIIEH PAOOTEI SABJIS-
JI0Ch OIIpefieseHne 0COOEHHOCTeH BAMAHISA KOMILIEK-
cooOpasoBareJieil (aeTar- u MUTPaT-NOHOB) HA ITPOTE-
KaHue Tporecca KaTogHoro Boccranosiaenus Yb(IID)
Ha PTYTHBIX 3JIEKTPOJAX.

MaTepVIaHbI N MeToAbl nccnenoBaHus

B KauecTBe HCXOTHOTO peareHTa s MPUTOTOBJIE-
HUsS PACTBOPOB WCIIONB30BAIU OKCHUI UTTEPOUS
(99,9 mac. %), mpeaBapUTENTbHO TPOKAJEHHBIN TPU
800 °C (4 u). HaBecKy okcuaa pacTBopsiiu B 1-2 mi
KOHIIEHTPUPOBAHHOM XJIOPHO# KUCIOTHI («X.U.»), [a-
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Jlee TOBOAMJIM 0 3aJaHHOro o0beMa pacTBopa Ouiu-
CTUJIMPOBAHHON Bomoii. KoHIeHTpaIusa HCXOLHOTO
pactBopa cocraBiasia 0,01 M, pH~2. Paboume pa-
CTBODPBI TOTOBUJIN TIyTeM Pa30aBIeHNUS UCXOTHOTO 01~
JTVCTUJLINPOBAHHON Bozoit, pH pacTBopoB perynupo-
BaJiu B uHTEpBane 2..9 myrem gobasienus HCIO, niu
NaOH. amepenne pH nposoguan mpu momoru pH-
merpa pH-410 (r. T'omenn, Bemopyccusi) ¢ yHUBeEpP-
CaJIbHBIM 9JIEKTPOIOM, KanubpoBKy pH-merpa mpous-
BOAMJIN C WCIOJb30BAHNEM CTAHJAPTHHIX OY(hEPHBIX
pacrsopos ¢ pH 1,65, 4,01 u 6,86.

K TPOAHBIE TIPOIIECCHI C YIACTHUEM UTTEPOMS B Pa-
CTBOpAX MBYYAJIV C UCIOJB30BAHUEM KJACCUUECKOU 1
ePeMeHHOTOKOBON moJjisgporpaguu  (mosasporpad
ITY-1) ¢ pTyTHBIM KaTAOIIUM dJIEKTPOAOM U ITUKJITYUe-
CKol1 BosbTaMmepomerpuu (moternuoctatr [11-50-1.1)
CO CTAIMOHADPHBIM AJIEKTPOJOM «PTYTHAA KAallas»
(pryts P-0). B pabore ucmob30Baan TPEXIIEKTPO-
HYIO Y€Ky, BCIIOMOTATEIbHBIM dJIEKTPOLOM ABJIAI-
csl MJIATHHOBBIA 9JIEKTPOJ, SIE€KTPOJOM CPABHEHUS
CIY:KUJI HACHIIIEHHBIN XJIOPCEPEOPSIHBIN AIEKTPOJ
(rac. x.c.9.). 3HAUEHUS MOTEHIINAJIOB IIPUBEIEHbI OT-
HOCHTEJIBHOTO 9TOT0 3JeKTpofa. B KauecTBe (hOHOBBIX
9JIeKTPONnUTOB ucmoab3oBamsu 0,1 M  pacTBOpEI
NaClO,, LiCl, N(C,H,),Cl, amerara u iiuTpaTta HaTpus.
YucTora peareHTOB COOTBETCTBOBAIA KBATM(DUKAIINN
«X.4.», TOTMOJHATEIbHYI0 UX OUKCTKY He TPOU3BOIM-
au. HemocpencTBeHHO Tepes SJIeKTPOXMMUUECKUMU
M3MEPEeHUAMH UCCIeIyeMbIe PACTBOPHI 1eadpUPOBATT
TyTeM IIPONYCKAHMA a30Ta BEICOKOM UMCTOTHI.

Pe3ynbTaTbl ¥ UX 06CYyXAEHe

B ycnoBuax moasporpaduy ¢ KamaiouuM dJek-
TPOJOM KaTOAHBIH mpomece Yb*+e=Yb*" Kak B HEKOM-
maexcoobpasyiomux pacrsopax (NaClO,, LiCl), rak u
B PAcTBOpAX aleraTa HaTpuA 0TOOPaKaeTcA Ha MOJIA-
porpaMMax B BUJIe OJTHOM BhIpAKeHHOU HeoOpaTuMoi
BoJiHbI (puc. 1). B o6mactu pH<4 Ha BoccTaHOBJIEHUE
mouoB Yb* (1-10™...1-10° M) HarJIagbIBaeTCA IIPO-
T1ecC BOCCTAHOBJIEHNUS MOHOB BOJOPOJA, UTO IIPHBOIUT
K CYIIECTBEHHOMY BO3DACTAHUIO MPENENBHOTO TOKA
mosisiporpadgpuueckoi BosHBL. [Ipu 3TOM BOJHEI UTTEP-
0usdg ¥ BOZOPOJA ILJIOXO PA3AENIATCH, 3TOT dP(EKT
TaK:Ke HaOJI0ZaeTCs Ha TePeMEeHHOTOKOBBIX TIOIAPO-
rpaMMax B BHJe Pa3JBOEHHOT0 MaKCUMyMa. B mHTep-
Basie 4<pH<6 BosHA BOCCTAHOBJIEHMUSA BOJOPOJA CMe-
IaeTcs B 00J1aCTh OTPUIIATENbHBIX TIOTEHIINATIOB U €6
IpeJIeJIbHBIH TOK SHAUMTEIBHO CHUIKAETCS, UTO II0-
3BOJISIET BBIJIEJUTH BOJHY BOCCTAHOBJIEHUS MOHOB UT-
repbus (E,,=-1,30...-1,38 B). B aroii obractu pH Be-
JIUYAHA TMPefeNbHOTO TOKA IIPOIOPIMOHANbHA KOH-
nenTpanuu Yb* B pactBope. Ilpu pH>6,25 B HEKOM-
IJIeKCco00pasyoIreil cpefe HaOMIOLAETCA OCAMKIEHIE
HepacTBopuMoro ruaporcuga Yb(OH),, mpu aTom BoJi-
HA BOCCTAHOBJIEHWS MOHOB UTTEPOMS HA MOJSPOrpaM-
Max He IPOSBIISLETCS. ITO CBUIETEIBCTBYET O TOM, UTO
B YCJIOBUAX JKCIEPUMEHTA THAPOKCUI HUTTEpOUS
ANIEKTPOXUMUUECKN HEaKTWBEH M He IOJBEPraeTcs
KaTOJHOMY BOCCTaHOBJIEHUIO.

B (oHOBBIX pacTBOpax ameTaTa HATPUA IOJIAPOTPa-
(hruecKre BOJHBI UTTEPOMS U BOAOPOJA PABAEMAIOTC
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Puc. 1. ITocmosnHomoxogble noaspozpammsl goccmanosnerus Yb(I1I) (5-107 M ) na pmymHom kanaiowen dnexmpode 6 (a) nepxiopamuom
(0,1 M NaClO,) u (6) ayemamnon (0,1 M CH;COONa) orosbix 31eKmpoiumax npu pa3auyHolx sHavenusx pH pacmeopos (3Haue-
Hus pH yka3anbl Ha puc.; napamempsl Kanawouyezo diekmpoda: ckopocms ucmevenus Hg 4,6 mz/c, nepuod xananus 5,7 ¢; ckopocmb pas-

6épmiu nomenyuanos 3 nB/c)

Fig. 1.

Direct-current polarograms of Yb(III ) reduction (5-10*M ) at dropping Hg-electrode in (a ) perchlorate (0,1 M NaClO,) and (b) acetate

(0,1 M CH3COONa) supporting electrolytes at different pH of the solutions (the values of pH are shown in the Fig.; Hg flow rate is
4,6 mg/s; dropping period is 5,7 s; potential sweep rate is 3mV/s)

Xy:Ke, UeM B TepXJI0PaTHHIX pacTBopax (puc. 1, 6). Ha-
JIO)KEHME JBYX KATOXHBIX IPOIECCOB B ATOM CJIydae
IposiBIAeTcs 10 Oosee BhicOKuX 3HaueHuin pH. Ilpnm
aTOM 00JIaCTh BBIEJEHNS BOZOPOJAA CMeIaeTcs B Ha-
IpaBJIeHur 6oJee TOJIOKUTEIbHBIX OTEHITNAIOB, UTO
CBUIETENBCTBYET 00 3IEKTPOKATATUTAUECKOM BJIMS-
HUM KOMILUIEKCOB Yb. 3a cueT (popMUpOBaHUA KOM-
IIEKCOB HAOJMIOfaeTcA CMeITleHre MOTeHIaza TIoJy-
BOJIHBI BOCCTAHOBJIEHNS MOHOB Yb*' B 00/1aCTH OTpHIIA-
TeJbHBIX IIOTeHInaN0B, E,=—1,42...-1,45 B. Benuun-
HBI TIPeJIeIbHBIX TOKOB BoccTaHoBIeHua Yb(III) mpu
pH=5...6 B mepx/I0paTHHIX ¥ aI[eTATHHIX PACTBOPAX CO-
TIOCTaBUMBI MeKIy coboii (puc. 1, a, 6). Hecmorps Ha
00pas3oBaHIe KOMILIEKCOB Yb B alleTaTHBIX ()OHOBBIX
DJIEKTPOJINTAX, moBbinenne pH cpexasr o 6,5 u Gosee
IPUBOJUT K OCAKAEHUI0 UTTEPOMS U3 PACTBOPA B BU/IE
TUAPOKCUAA ¥ K MCUE3HOBEHUIO BOJHBI BOCCTAHOBIIE-
HuSA UTTepOMsd Ha IoagporpamMmax. CiefoBaTesbHO,
MCTIOJB30BAHME AaIlleTATHBIX DPACTBOPOB MO3BOJIAET
JIVIITh He3HAYMTEIHHO OBLICUTE 3HAUeHUA pH pacTBo-
POB, IIPK KOTOPBIX IIPOMCXOJUT BOCCTAHOBJIeHKE Yb* .
ITpu 5TOM CyIIeCTBEHHOTO CHIKEHUSA BIUAHUS Pasps-
Jla BOJOPOA Ha MCCIeTYeMbIi MpoIece MpaKTHUeCKU
He Tpoucxoaut. Hy:XKHO OTMETHTE, UTO BTOPAs BOJIHA,
COOTBETCTBYIOIAA mpoteccy Yh*+2e=Yb, Ha moasapo-
rpaMMax He ObLTa 3a()MKCUPOBAHA.

B orsrume oT mepPXJIOPATHBIX U AIleTATHBIX (POHO-
BBIX PacTBOPOB, B cpefe 0,1 M nutpaTa HATPUS B HC-
cleloBaHHOM mHTepBaje PH BoIHA BOCCTaHOBJIEHMS
MOHOB UTTEPOUA HA TOMAPOrPaMMax He MPOSBISeTCs.
Io-Bugumomy, murpaTHed Kommiaeke [Yb(Cit)], o6-
PasyIoIINicsA Ipu 00IbIIOM U30BITKE IIUTPAT-HOHOB B

pacTBOpe, He MOABEPTaeTcs KATOLHOMY BOCCTAHOBIIE-
HUIO B yCI0BUAX Tossgporpaduu. [Ipu cooTHOIIeHIAX
KOHIIeHTpanuii nmurpar Hatpusa/Yb*=1...8 B pacTBo-
pe 0,1 M NaClO, mporcX0AuT 3HAUUTENHHOE CMEIIe-
mue E,, Bosnus! or -1,38 no —1,65 B, mpu atom mpe-
IeJbHBIHM TOK CHUKAETCS U JOCTUTAeT (JOHOBBIX 3HA-
YeHUH TpHU JaabHeNIeM YBeTnueHUY KOHIEHTPaI Iy
IIATPAT-UOHOB B cMech. Hy:KHO OTMETUTD, UTO MOBBI-
menne pH muTpaTHBIX pacTBopos A0 10 He mpuBoaM-
JI0 K OCAKIEHUI0 MMIPOKCHIA UTTePOUs BCJIEACTBHUE
BBICOKOH IPOYHOCTH KOMILIEKCA, TOK BOCCTAHOBJE-
HUS OUTPATHOTO KOMILIEKCA UTTEpPOUS B ITEJOUHON
cpefie TaK:Ke He Habm01aeTCA.

Bosiee neranbHOe u3yueHHe 0COOEHHOCTEN IIpOTe-
KaHUSA dJIEKTPOJHBIX ITPOIIECCOB IIPOBEEHO C MCIIOJIh-
30BaHUEM IUKJINYECKON BOJBTAMIIEPOMETPUHU CO CTA-
nuoHapHoi Hg-kateii B KauecTBe pabouero sJIeKTpo-
na. V3 anaamsa BOJIBTAMIIEPOTPAMM CJEIyeT, UTO B
HEKOMILIEKCO00PasyonInuX 1 KOMIJIEKC000pasyio-
X (DOHOBBIX HJIEKTPOJUTAX JIEKTPOJHBIE MPOIeC-
col ¢ yuactrem Yb(III) B sHAUMTENBHOM CTEIEHN Pas-
nuuatored (puc. 2).

B pacreopax 0,1 M NaClO,, N(C,H;),Cl, KCl na
karogHoM yuacTke I[BA mposABigercsa MaKCUMyM TO-
Ka mpolecca BoccTaHoBieHuA Yb*+e=Yb* mpm
E, .=1,4..-1,5 B, BetnunHa KOTOPOTO IPOIOPIHO-
HaJIbHA KOHIEHTpAIMy MoHOB Yb*" B pacrtsope. Ilpu
TanbHEHIIeM CMeN[eHNY MOTeHIMAama JJIeKTPOofa
BILJIOTH 10 —2 B mpomcxoauT Bo3pacTaHue TOKa KaTo-
HOTO BOCCTAHOBJIEHWS BOJOPOJA, HOTOJHUTEIbHBIX
MaKCHMYMOB, CBA3aHHBIX ¢ 60JIee TIIYOOKMM BOCCTAHO-
BJIeHHEeM HUTTepOus, He Habmogaercd. IIpu obparHoit
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Puc. 2. Iukauueckue 801bmannepozpammvl cmayuoraprozo Hg-anexmpoda 6 pacmeopax Yb(III) (5-10*M ) na gone (a) nepxaopama nam-
pua (0,1 M NaClO,) u (6) ayemama nampus (0,1 M CH;COONa ) npu pH=5 (ckopocmv paseepmru nomeryuanos 50 nB/c)

Fig.2. Cyclic voltammograms of the hanging mercury drop electrode in Yb (111 ) solutions (5-10*M ) in (a) sodium perchlorate (0,1 M NaClO,)
and in (b) sodium acetate (0,1 M CH;COONa) at pH=5 (sweep rate is 50 mV/s)

pa3BepTKe MOTEHIMAJIOB Ha aHOAHOM yuacTke I[BA
MaKCUMyMBI TaK:Ke OTcyTcTByIOT. CJemoBaTesbHO,
mpouece Yb**+e=Yb* B yKasaHHBIX 3JIEKTPOJIUTAX
IpoTeKaeT HeoOpaTMMO, HMPOAYKT BOCCTAHOBJIEHUS
(Yb*') aABJIsIeTCS HEYCTOMUNBEIM 1 He HAKAILJINBACTCS B
TIPUSJIEKTPOAHOM pacTBope. OUeBHIHO, UTO MOHBI Y b
3a CUET BHAUMTEILHOTO OTPUIATEIBHOTO CTAHIAPTHO-
IO OKMCJIMUTENHHO-BOCCTAHOBUTENIBHOTO MOTEHIIHANA
E(Yb*/Yb*)=-1,05 B (cT.B.5.) HEIOCPEICTBEHHO II0-
cJie 00pa3oBaHKs BCTYIIAIOT B XUMUUECKYIO PEAKIIHIO C
KaTmoHaMu Bogopoza Yb*+H'=Yb**+Y.H,. IIpoTexa-
HIE 9TOH peakIuy O0YCJIOBIMBAET KATAIUTUYECKOE
yBeJWUeHue sHaueHusd [, W TO3BOJIAET OOBACHUTDH
OTCYTCTBHE COOTBETCTBYIOIIETO MAKCHMyMa TOKa
OKHCJIeHNS KaTnoHa Yb*" Ha aHomHoM yuactke I[BA.
Kpowme Toro, pacxomosanue KaTroHoB Yh?" mpu mpoTe-
KaHWM XVMHUYECKOH CTaiuy TPUBOJUT K HEBOZMOIK-
HOCTH 00Jiee TIIyOOKOTO BOCCTAHOBJIEHUSA ¢ 00pa3oBa-
HUEM aMaJbraMBbl, UTO OATBEDKIAETCA OTCYTCTBUEM
MakcuMyMoB TOKOB Ha I[BA B obiactu oTpuiiaTesb-
HBIX noTeHIMAa0B. Ciej0BaTebHO, B HEKOMILIEKCO-
00pasyiomux (GOHOBBIX AIEKTPONUTAX IIPOTEKAHNE
KaTojHoro mpotecca ¢ yuactueM Yb (III) haxruueckn
He MPUBOAUT K HAKOILIEHHUIO TPOJYKTOB BOCCTAHOBIIE-
HUS BCJIEJICTBYE WX PACXOJOBAHNSA B KATAIUTUIECKON
XUMHIYECKOH CTaJUN.

B ycnoBuax IIBA B doroBoM asexTpoaute 0,1 M
CH,COONa kaTofHBIi ¥ aHOIHBIM YUaCTKY BOJBTAM-
meporpaMM cojep:;KaT 0 ABa MaKCHMyMa TOKOB
(puc. 2, 0). Karogusie makcumymbr npu —1,45 u
-1,7 B oro6paskaioT IpoTeKaHue 3JIeKTPOTHON peak-
muu Yb(III)—>Yb(II) BoccTaHOBIEHUS aleTaTHBIX
KOMILJIEKCOB Pa3JInyHoro cocrasa. Ilpu obpaTHoii pas-
BEepTKe IIOTeHI[MAaI0B Ha aHoxHOM yuacTke I[BA oro-
OpasKaroTCsa COOTBETCTBYIOI[ME TPOIIECCH] OKMCTICHMS.
Bwmecte ¢ Tem comocTaBiIeHe 9THX MAaKCHUMYMOB IIO-
KasaJjo, YTO BeJIMYMHBI KATOJHBIX TOKOB HE COTJIACy-
I0TCA MEXKJIY €000, KAK U COOTBETCTBYIOIIHME UM
aHOJHbIE TOKY. BeqwuymHa MEpBOTO KATOLHOTO TOKA
I.... mpu E=-1,45 B mpeBbIIIaeT BeJIUYNHY TOKOB

max,

OCTAJIbHBIX MAaKCUMYMOB BCJIEACTBHE HAJIOKEHUA Ka-
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TATUTUYECKOH XUMUUECKOH CTaIuu € yUacTUEM
Yb(II) v moHOB Bomopoa. Benruumnua BTOPOro KaToj-
HOTO TOKa [, , 3HAUUTEJIBbHO MEeHbIIle BeJUYNHbI IIep-
BOTO BCJIeficTBHE yacTuuHOro okuciaenus Yh(II) B pa-
creope. Tem He MeHee, B OTJINYUNE OT HEKOMILIEKCO00-
pasyiomux (OHOBBIX PACTBOPOB, B PACTBOPE aleraTa
HATPUA TPOMCXOAuT crabuiusanus noHoB Yb(II) 3a
cueT 00pa30BaHUsA alleTATHBIX KOMILTEKCOB, KOTOPBIE
HAKAIIMBAIOTCA B MPUIJIEKTPOSHOM CJIOE€ PacTBOpA.
B cBssu co crabunusarueir Yb(II) Ha anogHOM yUacT-
ke IIBA orobpaskaeTca MakCMMyM aHOJHOTO TOKa
OKHCJIEHWS 9TUX MOHOB, YeT0 He HAOMI0am0Ch B CIIy-
yae MePXJIOPATHBIX ¥ XJOPHUAHBIX cped. TeMm He Me-
Hee, BEJIMYMHBI TOKOB OKMCJEHUS MPOMEKYTOHBIX
IIPOJYKTOB BOCCTAHOBJIEHUS CYI[ECTBEHHO MeEHbIIIE
TOKOB KaTOAHOTO IPOIECCa, UTO CBUIETEJILCTBYET O
KaTaJUTUIeCKOM BIUSHUU XMMUUECKOH peakIuu Ha
TIpoTeKaHue KaTOAHOTO TIpoIiecca.

C menbio 000CHOBAHMSA BEIBOLOB 00 0COOEHHOCTAX
IPOTEeKAHU JEKTPOSHBIX MPOIECCOB B HEKOMILIEK-
€0000pasyIoNNX U KOMILIEKCO00Pa3yoIInuX (DOHOBBIX
pacTBopax OBLINM HpPOBeIEHBI PACUETH JUATPAMM
E-pH nna uccnenyemsrx cucreM (puc. 3). B obmactu
IOTEHI[AAJI0B YCTOMYMBOCTH BOABI TEPMOAMHAMUITUE-
CKH YCTOMYMBEIM COCTOSIHHEM HTTEPOMSA ABIAETCS
Yb(III) (puc. 3, a), Koropoe B 3aBucuMocTH OoT pH pa-
CTBOpA IIPEJICTABJIEHO KaTHOHAME WUJIU TUAPOKCUAOM
utrepbus. Boceranosiienue Yb(III) Tepmogunamuye-
CKM BO3MOJKHO TIpM KpaiiHe OTPUIIATeJbHBIX MOTEH-
Ianax 3a mpefielaMu YCTONUUBOCTH BOJIBI, TPU 9TOM
KaTHOH Yb?" IOJKeH OKUCIATHCSA BOJOM C BBIAEIEHM-
eM Bojiopoza (puc. 3, a). JleficTBUTEIBHO, TOTEHIINAI
raroguoro mporecca Yb(III)—Yb(II), Habrogaembrit
B 9KcmepuMenTe (puc. 1, 2), 6JIu30K K BeJTUUUHE CTaH~
nJaprHoro morenmnuaia —1,05 B (cr.B.s.) (puc. 3, a),
TIpoIiece MpoTeKaeT 0J1arofaps BEICOKOMY TIepeHamps-
JKEHIIO BOAOPOa HA PTYTHOM aaeKTpoge. OKucaenne
Yb* B X0l XMMUYECKO# peakIuu, IPOTeKaInel B
IIPUAJIEKTPOIHOM CJIO€ PACTBOPA, XOPOIIIO COTJIaCyeT-
¢s1 ¢ 06J1aCTHI0 MOTEHIIMAIOB YCTOHUMBOCTH ATOTO Ka-
THOHA Ha nuarpamme E—pH.
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Puc.3. Pacuémmuvie Ouazpammvt E, ,,y~pH 0as cucmen (a) Yo-H,O u (6) Yo-H,0-CH3CO0 (¢,(Yb™ )=5-10"*M; c¢,(CH;C00 )=0,1 M; 25°C)
Fig.3. Potential-pH diagrams for the systems (a) Yb—H,0 and (b) Yo—H,0-CH;C00" (¢,(Yb" )=5-10"*M; ¢,(CH;C00 )=0,1 M; 25°C)

B amerarHOM ()OHOBOM 2JIEKTPONUTE UTTEPOUit 00-
pas3yeT HECKOJbKO KOMILIEKCHBIX COEIMHEHUI C pas-
JINYHBIM YMCJIOM JUTAHIOB ¥ PAa3JIUYHON YCTONUMBO-
cTeio (puc. 3, 0). Hecmorpsa Ha (opMupoBaHume KoM-
ILTIEKCOB B cucTeMe ofiacTu moteHIuaaos u pH ycroii-
YMBOCTH KATHOHA Yb*' 1M MMAPOKCHAA UTTePOUA U3Me-
HAOTCS HE3HAUUTENbHO, UTO XOPOIIO COTJIACYETCS C
TaHHBIMK TIOMAPOrpa@uu ¥ BOJHTAMIEPOMETPUU
(puc. 1, 2). leranbHbIil aHAIN3 IUATPAMMEL (pucC. 3, 0)
TI03BOJISET OIPe/IeJIUTh CMeIlleH e II0TeHIaa BocCTa-
moBierus Yb(III)—>Yh(II) ars xoMmiexcos pasiuy-
HOTO COCTaBA: KATHOHHBIN KOMILIEKC C OJHUM JUTAH-
nom [Yb(CH,COO)* xapakTepusyercsa TaKuM Ke o~
TEHIIMAJIOM BOCCTAHOBJEHHUA, KaK W KaTmoH Yb*
(-1,05 B), Torzma Kax A KOMILIEKCOB ¢ 00IBIINM Y-
ciom nuraugoB [Yb(CH,COO),]" u [Yb(CH,COO0),] xa-
PaKTePHO CMeIleHNe MOTeHIIMAaJa BOCCTAHOBIEHA Ha
~0,2 B B cTOpoHY 00JI€€ OTPUIATEIBHEIX IIOTEHITNAIOB.

70T (haKT MO3BOJIAET O0BACHUTE IOABJICHNE BTO-
POTO IXPOKOTO MAKCIMYyMa KaTogHOTO ToKa Ha I[[BA
JIJIS alleTaTHBIX pacTBOPOB (puc. 2, 6). Ilo-Bugumomy,
KaTHOHBI Yb?', 00pasyoIuecs IpHA BOCCTAHOBIECHII
rkomitekcoB Yb(III), obpasyioT ¢ ameraT-uoHamu
KOMILJIEKChHI aHAJIOTMYHOTO COCTAaBa, UTO COTJIACYeTes
C TIOJIO}KEHIEM MaKCUMYMOB aHOJHOTO ToKa Ha [[BA
(puc. 2, 0).

B orsinune oT ametaTHOr0 ()OHOBOTO AJIEKTPOJINTA,
¢ murpaT-uonamu Yb(III) oOpasyer oxuH HeHTpasb-
mb1it kommzekc [ Yb(Cit)], yeroituuBstii B 6osee mupo-
Kux mHTepBanax pH u morennumanos (puc. 4). diex-
TPOAHBIE TIPOIIECCHI C YUACTHEM UTTEPOUA B M3OBITKE
muTpara B obsactu morernuanos —1,3...—1,5 B, Kak
9T0 HAOM0JAeTCA HJIA IePXJOPATHBIX M AIleTATHBIX
PacTBOPOB, He IpOTeKaT. Takasd 0COOEHHOCTH, IIO-
BUJUMOMY, CBS3aHA C HUBKUM 3HAUEHIEM KOHCTAHTHI

HECTOMKOCTH, OTCYTCTBHEM 3apsdfa y KOMILIeKca,
CTPYKTYPOH OPraHMYeCcKUX JUTAHI0B. B ¢Bsa3u ¢ aTUM
TeXHOJIOTHUECKY 3HAUMMBIM (haKTOPOM B IIPOIIECCAX
HJIEKTPOJUTUYECKOTO W aMaJbraMHOTO H3BJIEUEHUS
UTTepOns 13 PACTBOPOB C IPUMEHEHNEeM IIUTPATOB AB-
JISIETCS TOUHBIA KOHTPOJIb COZIePIKaHMA IUTPAT-NOHOB
B pPacTBOpax.
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Puc.4. Pacuémuas Ouacpamma Ei,,,ypH 014 cucmembl

Yo-H,0-Cit" (¢,(Yb" )=5-10"M; c,(Cit* )=0,1 M; 25 C)

Potential-pH diagram for the system Yb-H,0-Cit"
(co(YV*)=5-10"M; ¢,(Cit* )=0,1 M; 25°C)

Fig. 4.
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10.

BbiBOoAbI

. IlapaMeTphl HepBOW CTaguUM BOCCTAHOBJIEHUSA

urrepbus(III) Yb(III)—>Yb(II) ma pryTHOM Ka-
rone (MOTEHIIMAN, TOK), a TaKiKe YCTOUUUBOCTD
mpoxykra Yb(II) BoccraHOBIEHUS OMpeneIAI0T-
cA TPUCYTCTBHEM KOMILIEKCO0Opas3oBaTesell B
pactBope. Moubsl Yb?' B HmpuaIEeKTPORHOM pa-
cTBOpe OBICTPO OKMCIAIOTCA MOHAMM BOAOPOJA
(Bomoii), xMMUYECKAA CTAAUA OKAa3bIBAaeT Kara-
JuTryecKuil 3(h(eKT HAa BEJUUYNHY KaTOTHOTO
tToka Boccranosienus Yb(III). B mpucyrcrBum
almeTaT-MOHOB IPOUCXOAUT CTAOMIMBAIUA
Yb(II), ero o6pasoBaHue B paCTBOPE MOKET OBITH
OTIpefieJIeHO 110 MaKCUMYMY TOKa aHOJHOTO OKHU-
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Relevance. Ytterbium, its alloys and compounds are characterized by valuable thermoelectric, magnetic and optical properties, ytter-
bium-containing materials are used in military and nuclear industries. Due to the high chemical activity, as well as similarities with other
rare earth elements, ytterbium isolation technologies include a large number of operations, among them deposition, electrolysis, cemen-
tation, adsorption, etc. The peculiarity of ytterbium (as well as europium and samarium) in comparison with other rare earth elements is
the possibility of cathodic deposition at the mercury electrode and formation of amalgam at relatively low negative potentials. In this re-
gard, the study of the regularities of the electrode processes involving ytterbium is an urgent task both from a fundamental and techno-
logical point of view.

The aim of the research is to determine the features of the effect of complexing agents (acetate and citrate ions) on cathodic reduc-
tion of Yb(Ill) at mercury electrodes.

Objects: ytterbium oxide, perchloric and acetic acids, solutions of salts (NaClO,, LiCl, N(C,Hs),Cl, sodium acetate and citrate) and alkali
(NaOH).

Methods: direct and alternating current polarography, cyclic voltammetry with mercury electrodes.

Results. The range of potential of the cathodic process Yb(Ill)—Yb(ll) (1.107...1:107 M) at mercury electrodes (dropping, stationary) in
non-complexing and complexing (acetate, citrate) supporting electrolytes in a wide pH range 2...9 has been refined. The effect of com-
plexation of Yb(1Il) on the ratio of ytterbium and hydrogen ions reduction currents and on the stability of the intermediate product Yb(Il)
of the cathode process in the solution medium was established. The paper introduces the catalytic nature of the chemical reaction of
Yb(ll) oxidation by hydrogen ions occurred in the near-cathode layer of the solution to the process Yb(Ill)—Yb(ll) at potentials
=1,3..71,5 V (vs. Ag/AgCl/KCl). Interpretation of the results of electrochemical studies was carried out using the calculated diagrams
E-pH for Yb=H,0—CH;COO" and Yb—H,O—Cit”" systems in comparison with the system without complexing agent. The importance of ta-
king into account Yb (1ll) state in solutions and electrolysis conditions for the cathode process is discussed.

Key words:
Ytterbium(IIl) compounds, acetate and citrate complexes, direct and alternating current polarography,
cyclic voltammetry, mercury electrodes, cathodic reduction.
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